Background: The purpose of this study was to determine if stereotactic body radiosurgery (SBRT) using volumetric modulated arc therapy (VMAT) can be used to deliver a boost to the vaginal cuff in patients with gynecological cancer as an alternative to high dose rate (HDR) brachytherapy.
Introduction
Cancer of the endometrium is the most common gynecologic cancer in the United States [1] . The standard management for endometrial cancer is a total abdominal hysterectomy and bilateral salpingo-oophorectomy (TAH/BSO) with or without pelvic lymph node sampling. External beam radiation therapy (EBRT) and/or brachytherapy are integral components in the postoperative adjuvant therapy of selected patients [2] . Brachytherapy is being increasingly 1 2 2 3 delivered by high dose rate (HDR) techniques to boost the vaginal cuff in high risk patients [3] [4] . There are cases where brachytherapy is either not available or not possible, such as in claustrophobic patients who cannot tolerate being treated in an enclosed vault. In this report, we explore the feasibility of treating gynecologic cancer with stereotactic body radiosurgery (SBRT) with volumetric arc therapy (VMAT) as an alternative option to intracavitary HDR Brachytherapy for vaginal cuff boost.
Case Presentation Methods
Between January and July 2009, after informed consent was obtained, five patients with gynecological cancer: four with endometrial and one with cervical cancer with ages ranging from 37 to 77 years (mean: 62, median: 69) were treated with postoperative radiation therapy to the whole pelvis with doses ranging from 41.4 Gy to 45 Gy. Patient characteristics are described in Table 1 . All patients underwent initial surgical management consisting of TAH/BSO with pelvic plus/minus para-aortic lymph node sampling. These five patients were treated with postoperative pelvic radiotherapy because of their high risk factors. Vaginal boost was indicated as part of adjuvant therapy to reduce the risk of recurrence. However, these patients were not candidates for HDR because of claustrophobia. In order to optimize treatment management, we elected to treat with stereotactic body radiosurgery (SBRT) with volumetric modulated arc therapy (VMAT). CT simulation was performed in all patients and to better identify and delineate the clinical target volume, an HDR vaginal cylinder was used for immobilization and localization purposes. Image acquisitions with 3 mm thickness CT slices over the region of interest were performed. The planning treatment volume (PTV) was outlined following the guidelines for the contouring of structures for HDR Brachytherapy treatments. This was accomplished by using a 5 mm margin around the upper 5 cm of the cylinder and 1 cm superiorly. The HDR brachytherapy cylinder was used for CT planning, as well as for treatment in all patients. Cone beam CT (CBCT) was performed as the image-guided radiation therapy (IGRT) method prior to every treatment fraction to confirm the correct setup. The total dose delivered for the boost ranged from 9 Gy to 21 Gy, given in three fractions. The prescription dose was individualized depending on the specific characteristics of the patient. The total biological effective dose delivered ranged from 54 Gy to 74 Gy with a mean of 64 Gy using an α/β ratio of 10 Gy, including the dose delivered with EBRT, in addition to the SBRT boost.
Age Diagnosis
Planning was performed with the Eclipse Planning System™ using two or three coplanar arcs. A Varian TrilogyTM linear accelerator was used for the VMAT (RapidArcTM) treatment delivery.
For the comparison between SBRT with VMAT and HDR brachytherapy boost, treatment plans were created using the same CT images in all patients. Figures 1, 2 represent the isodose distributions of both HDR and VMAT plans at the mid-level of the cylinder in one of our patients.
FIGURE 1: Representative isodose distribution in colorwash
Representative isodose distribution in colorwash for an HDR Brachytherapy plan with a vaginal cylinder for a boost to the vaginal cuff after external beam radiation therapy. The comparisons were based on the dose volume histograms (DVH) to assess the dose distribution in the PTV as well as the dose to adjacent organs at risk (OAR), i.e. bladder and rectum. Figure 3 shows a comparison between the DVH obtained from a HDR and RapidArcTM plans, respectively, in a representative patient.
FIGURE 3: DVH comparison between SBRT with VMAT vs. HDR

Brachytherapy plans
DVH comparison between SBRT with VMAT vs. HDR Brachytherapy plans. Dashed and solid lines represent the doses in the VMAT and HDR plans. Both plans provide comparable coverage of the target volume. However, as shown in Figure 3A the VMAT plan provides superior dose uniformity throughout the target. Figure 3B and Figure 3C show comparable dose distribution in bladder and rectum.
Results
After a minimum of three years follow up (range 36 -43 months, mean: 38 months), four of five (80%) are alive and well, except for one patient who expired of intercurrent disease after two years. None of the patients developed severe acute toxicity. Mild acute toxicity was seen in two out of five patients (40%) consisting of vaginal mucosal discharge and transient urinary irritation. No chronic toxicity has been encountered.
Comparing HDR with SBRT using VMAT, both techniques offer similar dose coverage in the PTV with more than 95% of the volume receiving 100% of the prescription dose. However, the volume of tissue in the PTV receiving doses higher than the prescription dose is considerably greater for HDR than VMAT. The VMAT plan provides superior dose uniformity throughout the target and a sharper drop off of the dose ( Figure 3A) . The dose distribution in the bladder and rectum are similar for doses lower than the prescription dose ( Figure 3B, Figure 3C) . However, the maximum point doses for the OAR are considerably higher using HDR due to the dose inhomogeneity. A comparison of the DVHs for these plans is shown in Figure 3 . The HDR plans had a higher degree of dose non-uniformity compared to the VMAT plan. Beam on delivery time ranged from 2.5 min to 4.4 min with a mean value of 3.4 minutes.
Discussion
Both plans provided similar coverage of the target volume, however, the VMAT plan achieved superior dose uniformity throughout the target, as well as better sparing of the bladder and the rectum at the mid to high dose levels. Although the treatment time using both techniques is comparable, the setup time of the patient prior to treatment delivery with EBRT boost using SBRT with VMAT is considerably longer than the usual setup time with HDR. Besides verifying that the patient is in the correct position, it is also essential to guarantee that the location of the cylinder in relation to the patient is precise. This is achieved by using IGRT with CBCT. The feasibility of SBRT with VMAT as an alternative to HDR boost in women with early gynecological cancer is being suggested [3] [4] . Early data from the group of Molla, et al. demonstrates that use of radiosurgery to deliver a final boost to the areas at higher risk for relapse in endometrial or cervical cancer is feasible, well-tolerated and may be considered as an acceptable alternative to HDR brachytherapy [3] . Mayr and Deodato, et al. described the new paradigm of SBRT in the management of gynecological cancer mostly for recurrences with high success in local control [5] [6] . The accuracy of the treatment delivery has been further improved with the use of daily image-guided radiation therapy.
Conclusions
SBRT with VMAT to the vaginal cuff was comparable to HDR brachytherapy. The VMAT plans had a more homogeneous distribution of the dose in the PTV. Homogeneity index (HI) was 2.66 for HDR and 1.16 for VMAT. After three years of follow-up, we feel confident that this alternative technique could be offered to patients with gynecological tumors where brachytherapy is not possible due to inability of the patient to undergo treatment in some centers where the brachytherapy vault is very small or when brachytherapy is not available. SBRT with VMAT delivers highly focused radiation, is exceedingly precise, and can be given in a shorter time than conventional radiation. IGRT adds to the safety and precision of the procedure. Our case review demonstrates that SBRT with VMAT can be used successfully to deliver a boost after pelvic irradiation in patients with gynecological cancer. Further investigation of this alternative technique is warranted.
